Abstract Lilium is a perennial bulbous plant belonging to the liriotypes genus. Our aim was to study the phylogenetic relationships of the Lilium family. Two varieties of Lilium ledebourii, 44 varieties of the gene bank, and one variety from the Tulipa family served as the out group. In order to study the diversity between lilium masses, ITS regions were used to design the marker. The results showed that the guanine base is the most abundant nucleotide. Relatively high conservation was observed in the ITS regions of the populations (0.653). Phylogenetic analysis showed that sargentiae and hybrid varieties are older than other varieties of the Lilium family. Also, the location of L. ledebourii varieties (Damash and Namin) was identified in a phylogenetic tree by using the ITS marker. Overall, our research showed that ITS molecular markers are very suitable for phylogenetic studies in the Lilium family.
Introduction
Lilium is a bulbous, perennial plant consisting of almost 100 species that are found mainly in the northern hemisphere (McRae 1998) . The center of this species is in Southwest Asia and the Himalayas (Comber 1949) . The lilium genus is divided into 5 to 11 groups (Branova 1988; Comber 1949) . Branova (1998) divided the lilium genus into 11 groups. Based on this division, European lilies were categorized into four groups. The identification and classification of species is one of the most important parts of taxonomy and biological studies. The correct identification of species provides useful information about any living organism, such as its ecological, physiological, biochemical roles, social benefits and losses (Crous et al. 2009 ). The taxonomy consists of the classification and naming of parts, and aims at grouping living organisms into natural units that not only allows for the description of biodiversity and species identification, but also reflect kin relationships among different groups of living organisms (Crous et al. 2009; Aezanlou 2008) . Taxonomy becomes controversial when molecular techniques are introduced and used. Particularly, combining the concept of phylogenetic species with DNA data results to the description of a new wave of new species that include a number of sibling species or twin species. It is impossible to identify twin species based on morphological characteristics (Hebert et al. 2003; Taylor et al. 2000; Davari et al. 2012; Termorshuizen and Arnolds 1997) . Problems with morphologybased identification has caused taxonomy specialists to use molecular methods in plants. However, these methods have advantages such as identification in very small amounts, decrease in the required time of fraud detection, identification of species, subspecies and even lower, and accuracy in sample identification. DNA barcoding has become an important part of ecological research over the past 15-20 years, and has created a new attitude towards biodiversity and differences between plant groups (Hebert et al. 2003; Frezal and Leblois 2008) . DNA barcoding is a very fast, accurate and automatable way for species (through) using a short and standard genetic area as inter-species indication that is a practical and reliable method requiring no high expertise. DNA barcoding is used as a tool for precise identification of species in ecological studies and inter-species variation (Hebert et al. 2003; Frezal and Leblois 2008) . The ITS region has a large number of versions inside the genome with suitable variety among different groups of living organisms. It also has conserved areas for designing primers and various genes with different evolutionary velocity and is considered as reference and base for barcoding. ITS markers are based on internal transcribed spacer regions and part of the chromosomal regions that are located next to the regions of ribosomal genes, can be used as universal primers to evaluate the intra-and inter-species phylogenetic relationships. The ITS regions are among the regions conserved during evolution (Brasileiro et al. 2004; Gultepe et al. 2010) . ITS regions are used to investigate new strains of pathogens, as well as kin relationships among organisms (Adams et al. 1998; Brasileiro et al. 2004; Joseph et al. 1999) . The suitability of the ITS marker for phylogenetic studies is due to two-parent inheritance, ease of learning, intra-species sameness, interspecies variability and high copy numbers (Fang et al. 2002) . A study investigated the interspecies diversity of Erysiphe aquilegia (Cunnington et al. 2004 ) and the diversity of the genus Fasciolidae (Adlard et al. 1993 ) through the sequencing of ITS regions and the results showed that the ITS marker was able to differentiate subspecies from each other. There are several molecular phylogenic studies on the Lilium genus, which include species belonging to the liriotypes genus. The ITS region is the most commonly-used nuclear marker (Dobohzat and Shinoda 1999) . This region is used for monocots to explain the various aspects of taxonomic problems (Dizkiviei et al. 2010) . Using the ITS marker, Ronsted et al. (2005) examined the 14 Lilium species. In addition, molecular phylogenetic studies, using the ITS marker, indicated that Fritillaria L., Namocharis Franch and Cardiocrinum are closely related to the Lilium genus (Dobohzat and Shinoda 1999; Nishikawa et al. 1999 Nishikawa et al. , 2001 Ronsted et al. 2005; Ikinci et al. 2006; Resetnik et al. 2007 ). Lilium genus can be considered as a valuable plant in corrective researches, thus plant breeding is necessary in order to domesticate and conserve the genetic reserves of this valuable plant. The aim of this research is to achieve genetic diversity status and structure among Lilium populations, as well as the possibility of differentiating, categorizing and determining species relationships and determining the location of L. ledebourii, as a rare and native plant of Iran, in the phylogenetic tree of the Lilium genus using the ITS molecular marker.
Materials and Methods
DNA was extracted from the bulbs of L. ledebourii varieties, namely Damash and Namin (GenBank accession numbers, respectively, KU679314, KU739031, Ghanbari et al. 2016) . Genomic DNA extraction was performed according to the CTAB method (Doyle and Doyle 1987) . The quality and quantity of DNA samples were determined using a spectrophotometric method at 260 and 280 nm wavelengths and 0.8% agarose gel electrophoresis. 20 µl PCR reaction, contained 2 µl of PCR buffer, 1 µl of MgCl 2 , 1 µl of dNTP 1x mixture, 0.25 µl of each forward and reverse primer, 1 Taq unit, 1μl of template DNA and the reaction volume was made up to 20 microliter, using sterile deionized water. The marker used in this study was designed based on the ITS sequences found in the gene bank, using the Oligo Software (Forward: TCCTCCGCTTATTGATATGC; Reverse: GGAAGTAAAAGTCGTAACAAGG) and prepared by the Takapouzist Co. When the PCR reaction was performed, 5 µl of PCR solution with 5 µL loading buffer was poured into 1.5% agarose gel well containing TBE buffer. The samples were electrophoresed at 85V for 85 h. Then, the gel was stained for 30 min in 0.5 mg/l of ethidium bromide (EtBr), and replicated fragments were observed under UV light and gel document imaging was later carried out. The replicated products were sent to the MWG Co. (Germany) for sequencing, which was carried out based on both replicated fragments (forward and reverse). Sequences were extracted from the chromatograms of the company using Chromas ver. 2. The sequences were later received and Blast software confirmed that the fragment was lilium-specific. Sequences obtained from the ITS region of the Namin and Damash varieties of L. ledebourii samples and samples from the NCBI website (Table 1) were aligned using the Clustal W program. Thereafter, genetic indices were examined using MEGA, DNA SP, NETWORK 4.163 and HIV databases. HQ686065  HQ724820  HQ724819  HQ724817  HQ724816  HQ686068  KX865054  JF778866  HQ686064  HQ724818  AY616750  HQ724825  HQ724821  KX670792  KX865053  KX865056  KX865055  KR632775  KX865058  HQ686062  HQ724823  KX865057  HQ686073  HQ724827  HQ724822  AY616746  AY616749  AY616747  AF092516  EF042778  KU739031  AF092522  KX865068  AF092518  EF042779  AB035281  KX865067  AM292432  AM292423  AF092519  AB035280  AF092517  KU679314  KX495217  KX865062 KX865063 KU232889
Results and Discussion
The results of analysis of the nucleotide sequences of the ITS gene in the Lilium family showed that the highest and lowest abundance rates belonged to the guanine base (32.9%) and adenine base (18.5%), respectively (Table 2) . When estimating nucleotide substitution in the Lilium family, high levels of pyrimidine substitution were obtained in such a way that this level obtained 29.65% and 22.87% for thymine-cytosine and cytosine-thymine conversion, respectively (Table 3 ). These levels were lower for purine bases and obtained as 15.89% and 9.05% for the adenineguanine and guanine -adenine conversions, respectively. The results of this study are consistent with the results of other researchers who reported frequent cases of pyrimidine substitutions. These changes are probably as a result of cytosine methylation (Picoult et al. 1999) .
After investigating the genetic indices of the ITS gene of the Lilium family, a total of 232 mutations were identified that were distributed differently throughout the genome. The number of polymorphic positions was observed in 206 positions, which indicates the process of positive selection of this gene (Table 4) . The low level of nucleotide diversity is probably as a result of a sharp decline in the effective population of varieties belonging to this family and the confirmation of the risk and extinction of these varieties. The results of conserved DNA regions of the ITS gene in the Lilium family showed a 0.75 conservation threshold region, a minimum conservation length of 68 bases and sequence conservation of 0.653 (Table 5 ). These conserved regions include a small part of the sequence of the above gene, which indicates a different differentiation of this position as well as its susceptibility to nucleotide changes and mutations among different varieties, causing variability among varieties.
The numerical value of the dN / dS ratio of the Lilium family was 1:11 (Table 6 ), which indicates the positive selection of the ITS gene among the Lilium varieties during evolution. This type of selection has resulted to the emergence of new varieties on one hand and stabilization of better purification of their performance during the evolution, on the other hand, which is due to the conversion Each input may be substituted from one base (row) to another base (column). In this table, the percentage of transition mutations (purine-purine substitution, pyrimidine-pyrimidine substitution) and transversion mutations (purine-pyrimidine substitution and vice versa) are shown in bold and italics, respectively. (Table 7) . The negative and positive results indicate a significant and a small difference between polymorphisms in terms of their frequency, respectively. The results of both neutrality tests indicate the effect of the recent expansion of the Lilium population in the world, or the effect of directional selection on this gene during evolution. In general, studies have shown that the Fu's Fs and Tajima's D tests are more effective for small-size and larger sized populations, respectively.
In this research, parsimony was used to plot the phylogenetic tree of the nucleotide sequences in 46 varieties and one sequence of the tulipa family, as an outside group, to determine the evolutionary process of the lily family. As shown in Figure 1 , the ITS gene of tulipa is used as the Fig. 1 The phylogenetic tree of the ITS gene using the parsimony method out-group, which is located in a separate branch, and has rooted the phylogenic tree. The phylogenic tree also has two distinct clusters. The results of phylogenetic analysis showed that sargentiae and hybrid varieties are older than other varieties of the Lilium family. Also, the location of L. ledebourii varieties (Damash and Namin) was determined in the phylogenetic tree using the ITS marker. The determination of haplotype groups is one of the important steps in determining the geographical location of the studied breeds compared with other breeds. As shown in Figure 2 , high-abundance and low-abundance haplotypes are shown with bigger and smaller circles, respectively. All 46 samples are placed in Haplotype group A. This haplogroup is the largest haplogroup in a variety of different species worldwide. Research results showed that Haplogroup A is commonly found in all continents, and Haplogroup B may also have originated from Asia, which has been proven by the findings of Luikart et al.'s studies (2003) . Conventionally, the study of the genetic evolution of various species of lilies was carried out based on the study of a small fragment of the control area called the ITS region. The study showed that the maternal line of modern Lilium varieties is related to three basic populations, which are known today as Haplotypes A, B, and C. This shows that the lilies of the different regions of the world do not have a common maternal line and are related to a small number of lilies (Luikart et al. 2003) . The results of the present research also showed that Haplogroup A is commonly found in all continents and Haplogroup B may also have originated from Asia.
The size of the circles is proportional to its abundance. There are techniques for detecting species and even varieties as raw and processed that are used in plant products (Ma et al. 2006 ). Molecular techniques have been widely used for fraud detection. These techniques are the most accurate methods for identifying plant material and samples because they utilize DNA for analysis. Several studies have shown sequence variability in the ITS region of the rDNA that is suitable for phylogenetic studies in many families of fungi and eukaryotes as a result of its two-parent inheritance, ease of learning, intraspecies sameness, interspecies variation and high copy numbers (Feng et al. 2009 ). The present study showed that the ITS marker has the ability to distinguish between subspecies and genotypes within a population. The spacer regions of rRNA transcripts are among sequences that remain conserved during evolution. This issue was revealed using the ITS sequence as a marker in Lilium genotypes (Ikinct, 2010) . Due to incomplete ITS sequencing in L. ledebourii, polymorphism was observed throughout the replicated fragments. Variations in ITS regions have resulted to the formation of polymorphism. These variations could be diverse depending on the climatic conditions of each area (Ainouche and Bayer 1999) , causing the masses to be separated from each other in different regions (Fig. 1) . According to Vavilov's theory, the origin of the plants belongs to the centers having the highest diversity (Adams et al. 1998) . Therefore, it is necessary to pay more attention to these geographic areas while collecting the Lilium germplasm. Since most of the genes of resistance to diseases, pests, environmental stresses, and genes affecting product quality are commonly found in diversity centers, therefore, if plant breeders have access to correct and accurate information on the genetic diversity of each plant, they can make more efficient use of genetic reserves and directly collect the required genetic reserves.
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